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Staphylococcal food poisoning is caused by enterotoxins excreted into foods by strains of staphylococci.
Commission Regulation 1441/2007 speciﬁes thresholds for the presence of these toxins in foods. In this
article we report on the progress towards reference materials (RMs) for Staphylococcal enterotoxin A
(SEA) in cheese. RMs are crucial to enforce legislation and to implement and safeguard reliable measure-
ments. First, a feasibility study revealed a suitable processing procedure for cheese powders: the blank
material was prepared by cutting, grinding, freeze-drying and milling. For the spiked material, a
cheese-water slurry was spiked with SEA solution, freeze-dried and diluted with blank material to the
desired SEA concentration. Thereafter, batches of three materials (blank; two SEA concentrations) were
processed. The materials were shown to be sufﬁciently homogeneous, and storage at ambient tempera-
ture for 4 weeks did not indicate degradation. These results provide the basis for the development of a RM
for SEA in cheese.
 2014 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://
creativecommons.org/licenses/by/3.0/).1. Introduction
Staphylococcal enterotoxins (SEs) excreted into food by entero-
toxigenic strains of coagulase-positive Staphylococci (CPS), mainly
Staphylococcus aureus, account for a large number of food-borne ill-
nesses worldwide. In 2011, 345 food-borne outbreaks were caused
by staphylococcal enterotoxins in the EU, with about 10% being
strong evidence outbreaks. Different foods were affected, such as
mixed foods (pasta dishes, salads), meat and meat products, egg
and egg products, vegetables, baked goods and cheeses (EFSA,
European Food Safety Authority, and ECDC, European Centre for
Disease Prevention and Control, 2013). Most outbreaks emerge
due to insufﬁcient hygiene practices during processing, cooking
or distributing of food products (Asao et al., 2003; Pereira, Do
Carmo, Dos Santos, Pereira, & Bergdoll, 1996). In addition, inappro-
priate cooling of foods can induce CPS growth and stimulate
enterotoxin production, potentially resulting in food poisoning.
Typical symptoms range from nausea to abdominal pain, vomiting,
myalgia, diarrhea, dizziness, fever, headache and prostration(Hennekinne, de Buyser, & Dragacci, 2012). The causing agents,
(i.e. the SEs), consist of a family of 22 structurally related proteins
with molecular weights of 22–28 kDa (Argudín, Mendoza, &
Rodicio, 2010). These proteins are relatively stable under changing
environmental conditions, such as heat treatment, freezing and
pH; moreover, they are resistant to proteolytic digestion. Typically,
and depending on the sensitivity of affected individuals, ng to low
lg amounts of enterotoxin can cause intoxication with symptoms
described above (Balaban & Rasooly, 2000). Therefore, the EU has
adopted a legislation in order to tackle this problem and to increase
consumer protection by deﬁning microbiological criteria for food-
stuffs, such as CPS enumeration and SEs detection. In particular,
Commission Regulation (EC) No 1441/2007) speciﬁes that in ﬁve
independent 25 g portions taken from a food sample (milk prod-
ucts, such as cheeses, milk powders and whey powders), SEs must
not be detected if the food is to be considered as safe for human
consumption, whereby the so-called European Screening Method
(ESM) based on extraction, dialysis concentration and qualita-
tive immunochemical detection has to be applied for analysis
(http://www.ansespro.fr/eurl-staphylococci/Documents/CPS-Cr-
201017P.pdf). This method targets ﬁve SE serotypes, namely SEA,
SEB, SEC, SED and SEE, and is not able to distinguish between them.
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the same sample has to be analysed with the conﬁrmatory method,
i.e. a quantitative enzyme-linked immunosorbent assay (ELISA)
developed and further optimised by Herbin et al. at Anses (per-
sonal communication). This ELISA is capable of distinguishing
between the ﬁve above-mentioned SEs, and has a single-sandwich
format (for SEB) or a double-sandwich format (for the other four
SEs); the assay is based on pure SEs (for calibration) as well as anti-
bodies from sheep (coating antibodies) and rabbits (detection anti-
bodies), which are all commercially available (Toxin Technology
Inc., Sarasota, US). However, several authors reported interferences
stemming from the food matrices which might lead to false-posi-
tives when applying immunoassays for food testing. Interferences
can also be caused by endogenous enzymes, such as alkaline phos-
phatase and lactoperoxidase in raw milk. On the other hand, pro-
tein A, which is present in the cell walls of S. aureus colonies, is
secreted into the surrounding medium during bacterial growth.
This protein efﬁciently binds to the Fc region of most mammalian
IgGs (Reddy, Shekar, Kingston, Sripathy, & Batra, 2013) and there-
fore can cause strong non-speciﬁc interactions leading to false-
positive results in SEs testing using ELISAs (Park, Akhtar, &
Rayman, 1992; Vernozy-Rozand, Mazuy-Cruchaudet, Bavai, &
Richard, 2004). The addition of rabbit IgG to the food sample after
dialysis concentration and before detection has been demonstrated
to be an effective means to deactivate protein A, and is routinely
applied in the conﬁrmatory ELISA operated at Anses (Hennekinne
et al., 2007). The ESM is operated in many laboratories across Eur-
ope (e.g. National Reference Laboratories, ofﬁcial control laborato-
ries), and furthermore it is planned to disseminate the protocol of
the conﬁrmatory ELISA developed at Anses to other laboratories
interested to establish and validate this method in-house for con-
ﬁrmation purposes. This points to a clear need to provide laborato-
ries with suitable quality assurance tools, such as reference
materials, which are typically used for method validation (includ-
ing trueness determination) and method performance veriﬁcation
(e.g. QC sample co-analysed in an analytical series). Several differ-
ent RMs which would be useful for these purposes, and RMs which
have been requested by laboratories, are toxin calibrants and
matrix materials containing one or more toxins and/or toxins at
different levels in food matrices, such as cheese, milk or ham.
Anses and JRC-IRMM agreed to collaborate to establish a reference
material (preferentially a certiﬁed one) for SEA in cheese. SEA, a
single-chain 233 amino acid containing 27 kDa protein (Huang,
Hughes, Bergdoll, & Schantz, 1987) is the SE serotype most fre-
quently involved in foodborne staphylococcal illnesses (Pinchuk,
Beswick, & Reyes, 2010), and outbreaks have been reported after
consumption of cheeses, especially raw milk cheeses in France,
but also other European countries (EFSA, European Food Safety
Authority, and ECDC, European Centre for Disease Prevention and
Control, 2013). Some data regarding method performances of the
ESM using either the VIDAS SET2 assay (bioMérieux, Marcy l’éto-
ile, France) or the RIDASCREEN SET Total assay (R-Biopharm,
Darmstadt, Germany) are available, as are some preliminary data
regarding homogeneity and stability of SEA in cheese
(Hennekinne et al., 2003, 2007). However, more effort needs to
be invested to develop a suitable processing procedure to prepare
large quantities of sufﬁciently homogeneous and stable cheese
powder, which behaves similarly to cheese samples typically ana-
lysed in a laboratory. Moreover, comprehensive homogeneity and
stability studies need to be planned and executed, a prerequisite
for the development of any reference material.
In this article, we ﬁrst report on a feasibility study of how to
process large quantities of cheese powder materials containing
SEA at sub ng/g levels. After successful completion, the processing
of raw milk cheese to three candidate reference materials (a blank,
a very low spiked and a low spiked material) is described togetherwith the homogeneity and short-term stability studies and their
evaluation. Finally, we brieﬂy elaborate on the strategy foreseen
for material characterisation and value assignment. The presented
results constitute an important step towards the development of a
certiﬁed matrix RM for SEA.2. Materials and methods
2.1. Materials
Highly puriﬁed SEA (purity > 95% as indicated on the product
speciﬁcation sheet) was obtained from Toxin Technology Inc. (Sar-
asota, USA). The lyophilised toxin provided was reconstituted with
water following the instructions of the material provider, and fur-
ther dilutions were made using the following buffer: 10 mM NaH2-
PO4 dodecahydrate, 145 mMNaCl, adjusted to pH 7.3 with HCl, and
0.2% (w/v) bovine serum albumin (BSA). Raw milk cheese of the
type ‘‘Tomme de Savoie’’ with 28% fat content was obtained from
Coopérative Laitiere de Yenne Porte de Savoie, Yenne, France.
2.2. Feasibility study
2.2.1. Processing of cheese powders
The aim of the study was to establish a suitable processing pro-
cedure to prepare homogeneous and stable cheese powders with
sub ng/g target levels for SEA. The type, number and order of indi-
vidual processing steps were investigated in view of homogeneity,
particle size, dilution of blank cheese powder with highly contam-
inated powder to reach the desired target level, logistical aspects
and possibilities for upscaling. Processing steps included decrust-
ing, cutting, grinding, mixing, freeze-drying of cheese cut and/or
ground and of cheese slurry (spiked or unspiked), cryogenic mill-
ing, crushing, three-dimensional mixing and ﬁlling of powders
(Zeleny et al., 2013). Three types of materials were processed,
and for each material type, a blank and a spiked test batch was pre-
pared (Table 1). The target level for SEA in the ﬁnal materials was
0.25 ng/g ‘‘cheese’’ (i.e. cheese powder, reconstituted with water to
compensate the mass loss during freeze-drying and homogenised).
2.2.2. Analytical method to assess materials
SEA was extracted with water, concentrated by dialysis against
a polyethylene glycol solution, quantiﬁed using the double-sand-
wich ELISA developed at Anses and ﬁnally adapted by using com-
mercially available antibodies (Toxin Technology, Sarasota, USA).
Each of the six materials was analysed in triplicate. In addition, ali-
quots of the three blank materials were spiked at two levels
(0.1 ng/g, 0.3 ng/g) and analysed in triplicate. The latter experi-
ments served to establish the process recovery of SEA (overall
recovery which comprises losses during extraction (extraction
recovery) as well as inﬂuences from the ELISA analysis (calibration,
but also potential matrix effects)).
2.3. Processing
Three hundred kilogram of cheese was decrusted manually, cut
into large cubes and pre-ground with a large scale Moulinette-type
device (UM12, Stephan; Hameln, DE). The cheese was freeze-dried
in 6 sub-batches of about 50 kg each in an Epsilon 2-100DS freeze-
dryer (Christ, Osterode, Germany), using a 72 h program developed
and optimised in-house. The freeze-dried cheese was then milled
in a cryogenic mill (Palla VM-KT, Humboldt-Wedag; Köln, DE)
and homogenised by three-dimensional mixing (Dyna MIX-
CM200, WAB; Basle, CH). The material was stored in tight plastic
containers ﬂushed with inert gas and stored at 20 C until ﬁlling
(one part; ﬁlling done with an All Fill automatic ﬁlling machine (All
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R. Zeleny et al. / Food Chemistry 168 (2015) 241–246 243Fill, Sandy, UK)) for ﬁnalisation of the blank candidate material A,
or used for dilution with the two spiked cheese powder intermedi-
ate materials B and C (see below).
For the preparation of the two spiked materials (B, very low
contaminated; C, low contaminated), 2 kg of cheese (decrusted
and pre-cut to small cubes, ground) was mixed with 3 l of warm
water, homogenised to a creamy slurry using a Ultra Turrax device
(DI 25, IKA; Staufen, DE), spiked with a solution of SEA (two levels,
Table 1) and homogenised again by ultra-turraxing. The homoge-
nised slurries were freeze-dried. The freeze-dried materials were
then milled in a cryogenic mill. Thereafter, the materials were
sequentially diluted in three steps with blank powder, and after
each dilution, materials were mixed in a three-dimensional mixer.
The materials were ﬁlled into plastic zip-lock bags by use of an
automated ﬁlling machine, and one bag of each material was put in
an alumina sachet for light and moisture protection. The sets were
stored at 20 C (current storage temperature of the candidate
CRM until long-term stability data will be available, which might
allow shifting the batch to a higher storage temperature, e.g. 4 C).
2.4. Material properties of candidate RMs
The powders obtained were characterised for their particle size
distribution by laser diffraction using a Helos laser light scattering
instrument (Sympatec GmbH System-Partikel-Technik, Clausthal-
Zellerfeld, DE). The residual water content was determined using
volumetric Karl-Fischer titration as described previously
(Kestens, Conneely, & Bernreuther, 2008). Analyses were per-
formed on three randomly-picked samples from each material in
triplicate.
2.5. Homogeneity studies
Studies were performed for the two contaminated materials.
Ten sachets were chosen randomly from each batch produced
(N = 450), and three independent samplepreparations andmeasure-
ments were performed per sachets (n = 3). All 30 measurements for
eachmaterialwere performedwith the European ScreeningMethod
using theVIDASSET2asdetectionmethod (http://www.ansespro.fr/
eurl-staphylococci/Documents/CPS-Cr-201017P.pdf). In order to
keep the results variation low, extracts were analysed as soon as
possible after preparation and not stored longer than a few hours
before analysis (Anses, personal communication Jacques-Antoine
Hennekinne). The limiting factor in terms of workload per day was
the sample extraction and concentration by dialysis, not the
detection step. Measurements had to be split over 3 days for
performing the 30 analyses. Day 1, 2 and 3 comprised of 9, 9 and
12 analyses, respectively.Within a day, all three replicates of a given
sample were analysed in order to exclude any instability and/or
moisture uptake in the sachets once opened. Samples were
measured in a random order to allow distinction between an
analytical drift and a possible trend in the ﬁlling sequence. The data
were investigated for outliers using the Grubbs test, and linear
regression analysis was performed to check for possible trends in
the ﬁlling sequence. The distribution of results was checked using
normal probability plots and histograms. Finally, analysis of vari-
ance (ANOVA)wasperformed toquantify thewithin-bottle standard
deviation (swb) and the between-bottle standard deviation (sbb).
Moreover, the uncertainty due to possible inhomogeneity that can
be hidden by the method repeatability (u⁄bb) was calculated as
described elsewhere (van der Veen, Linsinger, & Pauwels, 2001).
2.6. Short-term stability studies
Short-term stability studies for evaluating suitable dispatch
conditions were carried out for the two contaminated materials.
Table 2
Recovery of SEA (measured concentration relative to spiked concentration) in the
different materials as determined by the conﬁrmatory ELISA.
Spiked
materials
Recovery ± SDa
(n = 3) in %
Blank
materials
Recovery ± SDa: spiking after
sample preparation and prior to
instrumental analysis (n = 6)b in %
I+ 50 ± 3 I 42 ± 4
II+ 53 ± 2 II 52 ± 4
III+ 55 ± 6 III 55 ± 4
a SD, standard deviation.
b Spiking at 0.1 ng/g and 0.3 ng SEA/g cheese; 3 independent analyses each.
244 R. Zeleny et al. / Food Chemistry 168 (2015) 241–246Studies were conducted as isochronous stability studies (Lamberty,
Schimmel, & Pauwels, 1998). For both studies, six independent
sub-samples were analysed for each time/temperature point. Stor-
age temperatures in both studies were 18 C and 60 C; the refer-
ence temperature was 70 C. The storage times were 0, 1, 2 and
4 weeks. After the indicated storage periods, samples were trans-
ferred to storage at 70 C until analysis. Analyses had to be split
over several days to perform the 42 analyses. Day 1, 2, 3, 4 and 5
comprised 9, 9, 9, 9 and 6 analyses, respectively. The same method
as described above for the homogeneity measurements was used,
and also the handling of the extracts and the replicates to be ana-
lysed on a given day was performed as described for the homoge-
neity measurements.
Data were checked for outliers using the Grubbs test, and linear
regression analysis as a function of time was performed. Slopes
were tested for signiﬁcance using a t-test. Finally, the uncertainty
of stability usts (short-term stability) was calculated as described
elsewhere (Linsinger et al., 2001) and indicated a shelf life period
of 1 week. In addition, two long-term isochronous stability studies
(1 year and 2 years) have been launched for the two contaminated
materials (work on-going).3. Results and discussion
3.1. Feasibility study
The aim of the study was to ﬁnd a suitable approach to produce
homogeneous cheese powder materials. Three processing schemes
were tested called I, II and III (Table 1). Process I aimed to mimic
the laboratory scale processing procedure used at Anses for provid-
ing samples in proﬁciency testing rounds (Hennekinne et al., 2003).
Process II focussed on the inclusion of cryogenic milling to prepare
cheese powders. Cryogenic milling, which produces ﬁnely ground
powders with reproducible particle size distributions, is often
applied at our premises for processing various types of reference
materials. However, a prerequisite for a suitable material is that
it must behave similarly to a real sample in the analytical process.
Hence, the aim was to verify that cryogenic milling has no adverse
effect on the material. Finally, procedure III was carried out with
the aim to investigate whether cheese can be efﬁciently freeze-
dried, and if mixtures of such cheese powders with powders pro-
duced by freeze-drying of spiked cheese slurries behave similarly
when compared to materials A and B (basically evaluated by the
recovery calculation). Procedure III was considered preferential in
terms of minimizing contamination of processing equipment,
equipment cleaning and workload, which is important seen the
large amounts of cheese that are needed to be manipulated for
the candidate RM batches: only a small amount of cheese had to
be spiked with toxin (higher concentration) with subsequent
freeze-drying of the homogenised spiked cheese slurry, whereas
the vast majority of the cheese could be directly lyophilised,
thereby avoiding producing large amounts of non-spiked cheese
slurry as an intermediate product.
Freeze-drying of cheese ‘‘as such’’ worked ﬁne, thanks to the
moderate fat content of the Tomme de Savoie variety used (28%
fat in total mass). Also, cryogenic milling results in powders with
a particle size distribution that can be reproducibly manufactured.
The recovery of SEA for the different materials (measured concen-
tration compared to spiked concentration) as determined using the
conﬁrmatory ELISA is indicated in Table 2.
The ELISA results reveal that similar recoveries of around 50%
are found in all three materials (Table 1). These values are compa-
rable to recovery values reported by Anses in their previous PT
sample materials, i.e. 50%. Moreover, recoveries in the spiked
material were comparable to those found in the correspondingblank materials spiked after sample preparation and prior to anal-
ysis (Table 2). These experiments aimed at comparing whether a
blank cheese powder spiked directly before analysis behaves the
same way in terms of recovery as a candidate RM (cheese, homog-
enised to a slurry, spiked, converted into cheese powder). The
results obtained provide an indication of the absence of adverse
material changes due to processing.
Procedure III is most suited for producing large batches of con-
taminated cheese powder: only a small amount of highly contam-
inated material needs to be processed, which is then step-wise
diluted with blank material to the desired target level. The vast
majority of cheese can be freeze-dried as such and does not need
to be converted into a cheese slurry before freeze-drying (difﬁcul-
ties to handle and homogenise dozens to few hundreds of kilos of
cheese soup). It was therefore decided to apply procedure III for
processing the candidate RM batches.
3.2. Processing of candidate RMs and material properties
Three hundred kg of cheese (starting amount) was processed to
three candidate RM batches as described in Section 2.3. The dry
mass in the cheese was 60.3%, indicated by the mass loss during
freeze-drying (39.7%). Thus, 15.1 g of cheese powder and 9.9 g of
water needed to be mixed in order to reconstitute the sample
(25 g ‘‘cheese’’ as stipulated as starting sample size for testing
(Commission Regulation 1441/2007)). Three samples randomly
picked from the bottled material were subjected to particle size
analysis (PSA) over a range of 0.5–1000 lm using laser diffraction.
The result for material A was an average particle size of 96 lm
(90% of particles smaller than 321 lm), for B an average particle
size of 93 lm (90% of particles smaller than 305 lm) and of C an
average particle size of 105 lm (90% of particles smaller than
340 lm). Values are averages of six determinations. In addition,
the residual water content in the ﬁnal materials was determined
by Karl Fischer titration, yielding 2.1 ± 0.1 g/100 g (n = 9) for A,
2.3 ± 0.1 g/100 g (n = 9) for B, and 2.3 ± 0.1 g/100 g (n = 9) for C.
3.3. Homogeneity
Homogeneity was assessed for the two spiked candidate refer-
ence materials B (very low level) and C (low level) using the Euro-
pean Screening Method with the VIDAS SET2 assay as detection
step. The data acquired was ﬁrst assessed for the presence of out-
liers. Neither the ﬁlling sequence (sample means of the 10 units
analysed in triplicate) nor the analytical sequence (individual mea-
surements in chronological order) revealed outliers for any mate-
rial. Individual data and bottle means showed normal or
unimodal distribution. Consequently, an uncertainty contribution
from possible heterogeneity was estimated according to Linsinger
et al. (2001) by an analysis of variance (ANOVA). No trends were
detected for the ﬁlling and analytical sequences for both materials
(Fig. 1). Results are summarized in Table 3. The larger standard
Fig. 1. Homogeneity assessment of candidate reference materials B (a) and C (b). Measurements were performed using the European Screening Method with the VIDAS SET2
detection step. The graphs display the results of the 10 randomly picked bottles (mean ± standard deviation from 3 replicate measurements). Results are expressed as OD
values (ELISA read-out).
Table 3
Homogeneity study results for the candidate reference materials B (very low level)
and C (low level). Results were obtained using the European Screening Method and
the VIDAS SET2 assay as detection step.
Material B Material C
RSD (%)a 6.15 3.75
swb (%)b 6.19 3.08
sbb (%)c n.c.d 2.22
u⁄bb (%)e 2.01 1.00
ubb (%)f 2.01 2.22
a Relative standard deviation of all measurements.
b Within-bottle standard deviation.
c Between-bottle standard deviation.
d n.c., not calculable because ANOVA result reveals that MSbetween < MSwithin.
e Uncertainty of in-homogeneity that could be hidden by the method
repeatability.
f Estimation of uncertainty due to possible material in-homogeneity.
Fig. 2. Short-term stability assessment of candidate reference materials B and C. Measur
detection step. The graphs display the individually obtained results for each of the time p
material C, 60 C. Results are expressed as OD values (ELISA read-out). The regression li
R. Zeleny et al. / Food Chemistry 168 (2015) 241–246 245deviation for repeat measurements of material B can be explained
by the lower concentration of SEA in this material. The homogene-
ity of both materials is suitable for the intended use.3.4. Stability
An isochronous short-term stability study was conducted to
establish suitable transport conditions. The same method as
described for homogeneity measurements was used. For both test-
ing temperatures, i.e. 18 C and 60 C, and for both materials, no
outliers were detected. Regression analysis revealed no signiﬁcant
trends for both temperatures and both materials (Fig. 2). Table 4
lists the ﬁgures calculated from the regression analysis. It can be
concluded that materials can be dispatched at room temperature
without compromising the material’s stability. It shall be notedements were performed using the European Screening Method with the VIDAS SET2
oints: 0–4 weeks. (a) Material B, 18 C, (b) material B, 60 C, (c) material C, 18 C, (d)
nes with the slope and intercept are indicated.
Table 4
Results of the short-term stability study (4 weeks) using the European Screening
Method and the VIDAS SET2 assay as detection step.
Material B Material C
18 C 60 C 18 C 60 C
Slope (%/week) 0.14 1.40 0.44 0.49
b/sba 0.183 0.945 1.010 1.288
Statistical signiﬁcance
(95% conﬁdence interval)b
No No No No
usts (%/week)c 0.78 1.48 0.43 0.39
a b, slope; sb, uncertainty of the slope.
b t0.05;22 = 2.074.
c Uncertainty contribution of the short-term stability.
246 R. Zeleny et al. / Food Chemistry 168 (2015) 241–246that a 1-year and a 2-year isochronous long-term stability study is
presently on-going, which will determine the optimal storage tem-
perature for the materials.4. Conclusion
Subsequent to a successful feasibility study, three batches of
about 50 kg of candidate SEA-containing cheese powders (equiva-
lent to about 85 kg cheese batches) have been processed by means
of decrusting, cutting, grinding, cryogenic milling, crushing, freeze-
drying, three-dimensional mixing and ﬁlling (procedure III). The
powders exhibit satisfactory homogeneity for their intended use.
Furthermore, suitable dispatch conditions for the materials have
been established by conduction a short-term stability study. A
long-term stability study for determining suitable storage condi-
tions is on-going, the outcome of which will ﬁnally determine
how the batch will be stored in the future. It is envisaged to use
the European Screening Method (with both detection principles)
in the characterisation study by means of laboratory intercompar-
ison. This method is established and typically operated under ISO
17025 accreditation in several National Reference Laboratories
(NRLs) and other testing laboratories. Depending on the amount
of data ﬁnally available and its quality, materials A–C could be
either certiﬁed for the presence/absence of SEA, quantitative refer-
ence values could be established, or both. In addition, a quantity
value could be certiﬁed applying the conﬁrmatory ELISA method.
It should be noted there that all values are strictly operationally
deﬁned, meaning that laboratories using this reference materials
would need to apply the methods used for establishing their val-
ues. The reference materials once available will be valuable quality
assurance tools for laboratories and will contribute to establish and
maintain reliable measurement results for effective consumer
protection.
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